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EXECUTIVE SUMMARY

The purposes of the Instream Contaminant Study are to quantify the
presence of contaminants in sediment and aquatic biota downstream of the
Department of Energy facilities at Oak Ridge, Tennessee; and to assess the
extent and transport of mercury contaminated sediments. The results will
be used by the Oak Ridge Task Force in assessing health risks and remedial
actions.

A total of 1,526 water, sediment, and aquatic biota samples were collected
between April 16, 1984, and April 7, 1985. Analyses for 217 parameters
yielded 24,137 separate observations. Thirty-nine of the 217 parameters
exceeded background concentrations, established standards or criteria,
and/or analytical detection limits. Only mercury and PCB concentrations
in fish and other aquatic biota were found to exceed an established Food
and Drug Administration action level. Twenty of the 39 parameters were
previously identified by the Oak Ridge National Laboratory for further
study. Fifteen of the remaining 19 parameters were either not previously
analyzed or were found at concentrations substantially higher than shown
in previous data (i.e., hardness, conductivity, lithium, zirconium,
nitrate+nitrite nitrogen, uranium, thorium-234, americium-241, curium-244,
cobalt-60, tritium, strontium-90, protactinium-234m, plutonium-238, and
plutonium-239).

Analysis of 394 sediment samples from 130 locations in the channel and
floodplain of East Fork Poplar Creek indicate approximately 16 million
cubic feet (760,000 tons) of mercury contaminated sediment with mercury
concentrations exceeding 5.0 mg/kg. This sediment contains an estimated
170,000 pounds of mercury. Approximately 75 percent of the mercury is
located in the upper third of the stream (i.e., above EFPCM 9.45). An
estimated 40 to 50 percent is between EFPCM 10.15 and EFPCM 11.50.
Approximately 80 percent of the total mercury is contained in 25 percent
of the contaminated sediment (i.e., in sediment with a mercury
concentration exceeding 100 mg/kg).

Analysis of data from three rainstorms and historic streamflow records
indicate that approximately 17,000 tons (360,000 cubic feet) of sediment
and 500 pounds of mercury are exported annually from East Fork Poplar
Creek. A comparison of mercury loads between sampling stations suggests
that most of the exported mercury is either discharged directly from New
Hope Pond or contributed by the highly contaminated area above EFPCM 10.0.
At the estimated net export rate of approximately 425 pounds per year,
some 400 years would be required to deplete the estimated 170,000 pounds
of mercury in the channel and floodplain.
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Stability of the floodplain is apparent from field observations and
computer simulations of floods with a recurrence interval from 1 to

500 years. Under existing conditions, substantial amounts of contaminated
sediment and mercury will remain in the floodplain for many years, serving
as a continual source of mercury to downstresm waters. Improper
disturbance of the floodplain could substantially increase erosion and the
downstream transport of mercury.

Key recommendations from the Instream Contaminant Study are summarized
below. A complete listing is given in Section 5 of this report. Many of
the recommendations have been initiated as part of ongoing activities of
the Oak Ridge Task Force and the Department of Energy.

1. Update interim action levels for total mercury concentrations in
surface soils and erosion prone areas, as part of a comprehensive
jnterim action plan.

2. Eliminate (or reduce to permitted levels) mercury discharges from New
Hope Pond.

3. Initiate evaluation of remedial action alternatives for addressing
mercury contamination in the floodplain and channel of East Fork
Poplar Creek, including implications of co-occurring contaminants.

4. Conduct a comprehensive assessment of groundwater quantity and quality
along East Fork Poplar Creek.

5. Collect samples and inventory discharges to identify sources and
define the extent of PCB contamination of sediment and aquatic biota
in the project area. Based on the results, eliminate discharges and
evaluate remedial action alternatives.

6. Assess the public health and eavironmental significance of the
39 contaminants found at elevated levels, including synergistic
effects. For those parameters of significance, identify sources and
the extent of contamination, eliminate discharges (or reduce to
permitted levels), and evaluat> remedial action alternatives.

7. Prepare an overview report summarizing the radionuclides handled,
methods of disposal, quantities released, ambient concentrations,
potential public health and environmental concerns, needed
improvements, and the status of corrective actions.

8. Initiate a comprehensive monitoring program to assess post-mitigation
success and long-term trends.

9. Develop a comprehensive, readily available, data base for the project
area.
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TASK 5
SUMMARY REPORT
INSTREAM CONTAMINANT STUDY

1.0 INTRODUCTION

On November 3, 1983, the Oak Ridge Task Force, under direction of the

EE R e A e

Tennessee Division of Water Management, approved conceptual workplans
prepared by four subgroups of the Task Force. These workplans addressed

potential offsite contamination associated with the Department of

Energy (DOE) facilities near Oak Ridge, fennessee. The conceptual
workplans were transmitted to DOE on November 14, 1983. DOE subsequently
. authorized the Tennessee Valley Authority (TVA) to prepare a technical
workplan covering the instream water, sediment, fish, and floodplain
sampling approved by the Task Force (1). The Instream Contaminant Study
workplan was submitted to DOE in February of 1984, and the work was
authorized by InteragencyvAgreement No. DE-AIOS5-840R21444, TVA Contract

No. TV-64095A, between DOE and TVA, and was approved by the TVA Board of

Directors on April 30, 1984.

The primary purpose of the Instream Contaminant Study is to provide water,
gsediment, and fish data for identifying offsite contaminants and assessing

potential public health risks. Specific objectives are:

1. To identify the presence of contaminants in the water, sediment, and

fish downstream of the DOE facilities at Oak Ridge (Figure 1).
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2. To estimate thevquantity of mercury contaminated sediment in East Fork

Poplar Creek, Bear Creek, and lower White Oak Creek.

i

i

|

i |
I 3. To assess the transport and fate of the mercury contaminated sediment.
. The study consists of five tasks. Task 1 involves collecting water

' quantity and quality data for predicting sediment transport. Task 2

focuses on sediment volume and contaminant characterization. Task 3

' addresses the transport and fate of sediment in East Fork Poplar Creek.
. Task 4 examines contaminant concentrations in fish. Reports for these
' tasks have been completed and describe sampling locations, parameters,
procedures, and analytical results (2,3,4,5). 'Ih.is Task 5 report
summarizes the previous reports and the management implications of the
results. Detailed analyses of the data (i.e., risk assessment and

evaluation of possible remedial actions) are the responsibility of other

subgroups of the Task Force.

2.0 SUMMARY OF DATA COLLECTED

2.1 INSTREAM CONTAMINANT STUDY

during the Instream Contaminant Study. Laboratory and field analyses of
these samples yielded 24,137 analytical observations. Table 1 summarizes

the number of field samples collected and the number of observations by

l A total of 1,526 water, sediment, and aquatic biota samples was collected
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medium and watershed. Sampling and laboratory analyses focused primarily
on sediment and aquafic biota, since ongoing effluent monitoring programs
and groundwater studies are addressing contaminant concentrations in
water. The 24,137 analytical observations summarized in Table 1 included
217 separate elements, compounds, and parameters (i.e., conventional
pollutants, priority pollutants, and radionuclides) and 526 separate data
codes (e.g.; water, sediment, fish, particle size fractions, etc.).
Sampling locations and the river mile of key topographic features are
given in Appendix I. Collection methods, analytical techniques, quality
control procedures, and a tabulation of all data are presented in the

previous task reports (2,3,4,5).

Sampling locations, the number of samples collected, and the type of
1abofatory analyses performed were determined by the three primary study
objectives. To identify potential contaminants of concern, 35 baseflow
water samples; 34 surface-layer, fine particle and 66 core sediment
samples; and 533 fish and aquatic biota samples were taken from

59 locations and analyzed for conventional parameters, priority
pollutants, and radionuclides. To evaluate the extent of mercury
contamination in East Fork Poplar Creek, 394 sediment samples were taken
from 130 locations in the floodplain and channel. These samples were
analyzed primarily for mercury and particle size. To evaluate the
transport and fate of mercury contaminated sediment from East Fork Poplar

Creek, 290 water samples were collected from seven locations during three




rainstorms and analyzed primarily for mercury and suspended solids., A
total of 185 samples was also collected from seven core locations in the
Tennessee River to complement existing data on the fate of previous

mercury releases.

Summaries of the data are presented in Appendix II by parameter and
watershed. Each summary lists the parameters for each medium, the number
of observations for each parameter, the beginning and ending sampling

dates, and a statistical summary of the individual observations.

2.2 OTHER SOURCES OF DATA

Several sources of additional data, collected prior to the Instream
Contaminant Study, are available and were used for comparative purposes.
From 1960 through 1983, TIVA and other organizations collected samples in
the Oak Ridge area to obtain data for various special projects (e.g., the
Regional Water Management Program, the Clinch River Breeder Reactor
Project, and reservoir water quality studies). These data are available
on the Environmental Protection Agency STORET system and are summarized in
Appendix III. In 1983, Oak Ridge NationalkLaboratory (ORNL) collected
sediment samples at eighteen locations in the stream channels and
floodplains of East Fork Poplar Creek, Bear Creek, White Oak Creek, Poplar
Creek, and the Clinch River (6). This preliminary screening survey was
conducted to identify contaminants with a sediment concentration
sufficient to warrant further investigation. A partial listing of other

sources of data is given in Table 2.




Table 2

PARTIAL LISTING OF ADDITIONAL SOURCES OF DATA
INSTREAM CONTAMINANT STUDY - TASK 5

Approximate
Responsible Data Collection
Reference Organization Type of Data Study Area Period
Environmental Monitoring Reports; U.S. DOE Water, sediment, fish DOE QOak Ridge 1970-1984
U.S. Department of Energy, Oak Operations
Ridge Facilities; 1971-1984
Description of the Aquatic ORNL Aquatic biota White Oak Creek and 1979-1980
Ecology of the White Oak Creek Clinch River
Watershed and Below Melton Hill
Dam; Oak Ridge National
Laboratory; Report No.
TM~-7509/v2; 1981
Data Report: Illinois, Indiana, U.S. DOE Surface water, ground- Five state region 1975~1982
Kentucky, Tennessee, and Ohio; water, and sediment including Oak Ridge
Report No. DPST-81-146-25; area
E. I. duPont de Nemours and Co.,
Savannah River Laboratory;
February 1982
Mercury Contamination in East ORNL Water, sediment, fish East Fork Poplar Creek 1982
Fork Poplar Creek and Bear and Bear Creek
Creek; W. Van Winkle et al.,
Oak Ridge National Laboratory;
Report No. ORNL/CF-82-257; 1982
Mercury at the Y-12 Plant ~ ¥-12 Sediment, surface East Fork Poplar Creek, 1983
A summary of the 1983 UCC-ND water, fish Poplar Creek, Clinch
Task Force Study; Report - River, Tennessee
No. Y/EX-23; November 1983 River .
A summary of Annual Site U.5. DOE Ef fluent releases 44 DOE sites including 1983
Environmental Monitoring Oak Ridge Operations
Reports, U.S. Department of
Energy, January-December 1983;
Report No. DOE/EP-0049/1
"Summary of Existing Water, TVA Water, sediment, fish East Fork Poplar Creek, 1970~1983
Sediment, Fish, and Soill Poplar Creek, Bear Creek
Data in the Vicinity of the White Oak Creek, Clinch
Oak Ridge Reservation"; River, segment of
Tennessee Valley Authority; Tennessee River
August 18, 1983
Geologic Data on Twenty Y-12 Geologic, well logs, Bear Creek Valley near 1984
Monitoring Wells Installed in groundwater levels Y-12 Plant
Bear Creek Valley in September
and October 1984; Report
No. Y/SUB/84-47974C/12;
November 1984
Investigation of Subsurface ORNL Sediment and ground- Mercury spill locatioms 1983/84
Mercury at the Oak Ridge Y~12 water at Y-12 Plant

Plant; Report No. ORNL/TM-9092;
November 1984




-8

Table 2 Continued

PARTIAL LISTING OF ADDITIONAL SOURCES OF DATA
INSTREAM CONTAMINANT STUDY - TASK 5

Reference

Resgponsible
Organization

Type of Data

Study Area

Approximate
Data Collection
Period

Characterization and Remedial
Alternatives for Sediments in
Upper Bear Creek; Report

No. Y/T5-56; December 1984

Streamflow and Specific-
Conductance Data for Selected
Sites, February 15 through
April 9, 1984, near the Y-12
Plant, the Qak Ridge
Reservation, Tennessee; USGS
Open-File Report 84-625; 1984

Preliminary Surface Flow,
Water Level, and Envirommental
Sampling Data Obtained from
Bear Creek Valley Watershed
Area; Report No. Y/TS-77

Part 2; March 22, 1985

Remedial Alternatives for the
Bear Creek Valley Waste
Disposal Area; Final Report
No. Y/SUB/85-00206C/3;

June 1985

Sources and Discharges of
Mercury in Drainage Waters
at the Oak Ridge Y-12 Plant,
Report No. Y/TS-90;

June 1985

Environmental Fate of Mercury
and Cesium-137 Discharged
from Oak Ridge Facilities;
Draft Report; ORNL; 1985

Water-Quality Data for

34 Sites, April and June
1984, Near the Y-12 Plant,
the Oak Ridge Reservation,
Tennessee; USGS Open-File
Report 85-165; 1985

Water Quality for 35 Sites,
September 1984, Near the ¥-12
Plant, the Oak Ridge
Reservation, Tennessee; USGS;
Open-File Report 85~XXX: 1985

Y-12

USGS

Y-12

Y-12

ORNL

UsGs

USGS

Sediment

Streamflow and
specific '
Conductance

Streamflow, ground-
water and sediment

Surface water and
groundwater

Mercury releases from
Y-12 Plant

Sediment

Surface water
and groundwater

Surface water and
and groundwater

Upper Bear Creek

18 watersheds in
vicinity of ¥Y-12 Plant

Bear Creek Valley
near Y-12 Plant

Bear Creek Valley
near Y-12 Plant

Y-12 Plant drainage
system and New Hope
Pond

Tennessee River

Pine and Chestnut
Ridges, Bethel and
Bear Creek Valleys

Pine and Chestnut
Ridges, Bethel and
Bear Creek Valleys

1984

1984

1984

1983 and 1984

1977 to 1984

1983

1984

1984

-\ - -




3.0 SUMMARY OF RESULTS

A two-phased approach was adopted by the Oak Ridge Task Force to identify
contaminants of potential public health significance. As part of the
first phase, water, sediment, and aguatic biota data were to be collected
through the Instream Contaminant Study. In the second phase, risk
assessments were to be conducted of these and other data by the Risk
Assessment Subgroup of the Task Force. Thus, evaluation of the data in
this study is limited to comparisons with available background data and
established standards.~‘Parameters exceeding background levels may or may
not be of public health or environmental significance, but further

assessment is warranted,

3.1 WATER

Task 1 involved the analysis of water samples from one baseflow survey and
three storms (2). Baseflow samples were analyzed for conventional
parameters, priority pollutants (organics and metals), and radiological
parameters. Stormflow samples were analyzed for total suspended solids,
particle size, total and dissolved mercury, and radiological parameters.
Eight parameters weré detected at concentrations asbove existing standards

and/or background levels (Table 3).

In East Fork Poplar Creek, total mercury concentrations were above
background levels during both baseflow and stormflow conditions. The

greatest concentrations were observed during the storm events.
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Figure 2 illustrates a typical relationship between streamflow and total
mercury concentration during a storm event. vDissolved mercury
concentrations remained relatively constant during the three rainstorms
with levels at or slightly above the analytical detection limit. Thus,
increases in total mercury with increasing streamflow were due primarily

to the mercury associated with suspended sediments.

Other metals found in excess of background levels include lithium in East
Fork Poplar Creek and cadmium in Bear Crcek. Data collected by the

U.S. Geological Survey‘(USGS) in Bear Creek downstream of the S-3 ponds
{at approximately the same location as the baseflow sampling) also found
high concentrations of cadmium, with a maximum reported concentration of
58 wg/L (7). Previous studies by Y-12 in the Bear Creek watershed near
the S-3 ponds found groundwater samples high in cadmium with a maximum
concentration of 3,100 ug/L (8). Although no previous data were readily
available for comparison of lithium concentrations in East Fork Poplar
Creek, its presence might be expected since the Colex process, used at the
Y-12 plant, included lithium wastes (9). In addition, the current
discharge permit for the Y-12 plant includes a limited discharge of

lithium to East Fork Poplar Creek.

Conventional parameters found in excess of background levels included

nitrate+nitrite nitrogen, total hardness, and conductivity. All were
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measured at substantial levels in Bear Creek. Surface water samples
collected by the USGS in Bear Creek near the S$-3 ponds also showed high
concentrations of nitrate+nitrite with a maximum value of 300 mg/L (7).
Previous studies by Geraghty and Miller, Incorporated, for Martin Marietts
concluded that nitrate derived from the S-3 waste disposal ponds is the
principal contaminant in the surface waters of Bear Creek and its

tributaries (10).

Although no previous hardness data for surface waters in Bear Creek were
readily available for comparison, the USGS data indicate that calcium and
magnesium are present. at elevated levels in the surface waters of Bear
Creek near the S-3 ponds (7). Previous studies by Y-12 showed that
groundwater in the vicinity of the S-3 ponds with calcium and magnesium at
concentrations substantially greater than at monitoring locations outside
the S-3 pond area (8). These studies found groundwater in this area to be
acidic (pH <3 in some cases), possibly contributing to the elevated

hardness due to mineral dissolution of subsurface strata.

Surface water measurements by the USGS in Bear Creek near the S-3 ponds
indicated high conductivity values with a maximum of 4,000 pmho/cm (7).
The conductivity of groundwater near the $-3 ponds had values of 1,100 to
48.000 ymho/cm (8). Since conductivity is directly related to the
concentrations of dissolved ions, the values measured in Bear Creek

suggest potential contamination by dissolved metals and/or minerals.
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Analyses for priority pollutant organics detected only total phenols
(White Oak Creek and Bear Creek). No relevant data on background levels,

standards, or criteria, were found for comparison, however.

Tritium was the most significant radioisotope identified in the surface
water samples. The maximum concentration reported in lower White Oak
Creek was substantially above background levels. No additional study

results for tritium in the surface water of White Oék Creek were found for

comparison.
3.2 SEDIMENT
3.2.1 ELEVATED CONCENTRATIONS

Task 2 involved the analysis of surface-layer and core sediment

samples (3). Twenty-eight parameters were found at concentrations above
background levels and/or the analytical detection limit. These included
eight metals, ten priority pollutant organics, and ten radioisotopes

{(Table 4).

All of the priority pollutant metals analyzed (mercury, arsenic¢, cadmium,
chromium, nickel, lead, and silver) were found at concentrations above
background levels in one or more streams (Table 4). As expected, mercury
was the most notable parameter, exceeding background concentrations in all

of the streams sampled, The highest concentrations were measured in the
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Table 4

INSTREAM CONTAMINANT STUDY - TASK 5

PARAMETERS IN SEDIMENT EXCEEDING BACKGROUND CONCENTRATIONS AND/OR ANALYTICAL DETECTION LIMITS

Approximate
Range of Analytical
Background Detection No. of Observed Concentrations
Parameter (Units) Stream Concentrations Limit Observations Heanz Minimum Maximum
METALS
r‘lex't:ury3 (mg/kg) East Fork Poplar Creek 0.2-1.0 0.1 418 77 <0.1 1,800
Bear Creek 17 0.63 <0.1 3.9
Poplar Creek 3 3.6 <0.1 5.9
White Oak Creek 22 8.1 <0.1 44
Clinch River (Watts Bar) 35 1.2 <0.1 12
Tennessee River 117 1.2 <0.% 7.8
Arsenic (mg/kg) East Fork Poplar Creek 9-12 0.2 18 7.1 3.6 14
Clinch River 8 14.4 5.1 26
Cadmium (mg/kg) East Fork Poplar Creek 1.4-5.5 0.5 19 1.8 <0.5 8.5
Bear Creek : 4 4,6 - <0.5 10
Chromium (mg/kg) White Oak Creek 20-50 5 4 163 66 290
Lead (mg/kg) East Fork Poplar Creek 30-60 5 16 80 36 170
Clinch River (Norris) 3 67 58 77
Nickel (mg/kg) East Fork Poplar Creek 20-30 5 19 39 19 81
Bear Creek 4 89 18 200
Poplar Creek 3 56 43 65
Clinch River 8 25 14 38
Silver (mg/kg) Fast Fork Poplar Creek 1.6-2.5 1 16 8 2 45
White Oak Creek 4 6 2 10
Ziveonium (mg/kg) Fast Fork Poplar Creek 180-270 50 16 448 350 590
Bear Creek 4 483 410 590
White Oak Creek 4 365 260 480
Poplar Creek 3 340 220 470
Clinch River (Watts Bar) 4 650 400 890
PRIORITY POLLUTANT ORGANICS
Total PCBs (ug/kg) East Fork Poplar Creek A 100 19 1,587 <100 6,000
Bear Creek 4 1,000 <100 1,400
White Oak Creek 4 1,350 <100 2,800
Fluoranthene (pg/kg) East Fork Poplar Creek . A 650—8505 19 1,367 <660 4,600
Bear Creek 4 773 <650 970
Bis(2-Ethyl hexyl) East Fork Poplar Creek b 630-820S 19 1,155 <660 2,600
Phthalate {pg/kg) White Oak Creek ' 4 950 <630 1,600
Pyrene (ug/kg) East Fork Poplar Creek 4 650—8605 19 1,094 <660 3,500
Bear Creek ‘ 4 708 <650 750
Phenanthrene (ug/kg) Fast Fork Poplar Creek b 650—860S 19 1,063 <660 4,500
Bear Creek 4 703 <650 750
Benzo-a~-Pyrene (ug/kg) East Fork Poplar Creek A 660—8805 19 730 <660 300
Chrysene (ug/kg) East Fork Poplar Creek A 660—8805 19 731 <660 920
. Anthracene (ug/kg) East Fork Poplar Creek A 660—8805 19 735 <660 1,000
Benzo-a-anthracene East Fork Poplar Creek b 660-8805 i9 752 <660 1,200
(ug/kg)
Total Phenols {(ug/kg) FEast Fork Poplar Creek b 400 19 795 <400 1,300
Bear Creek 4 1,175 800 1,700
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| Table 4 Continued

PARAMETERS 1IN SEDIMENT EXCEEDING BACKGROUND CONCENTRATIONS AND/OR ANALYTICAL DETECTION LIMITS
INSTREAM CONTAMINANT STUDY - TASK 5

‘ Approximate

i Range of Analytical
’ Background Detection No. of Obsegved Concentrations
Parameter (Units) Stream Concentrations Limit Observations Mean” Minimum Maximum
RADIOISOTOPES
Cesium-137 (pCi/g) White Oak Creek 1-6 0.01-0.11 23 7,882 188 46,948
Clinch River . 16 16 0.1 167
Cobalt-60 (pCi/g) White Oak Creek 1-3 0.01-0.11 23 116 12 437
Strontium~90 (pCi/g) White Oak Creek 0-1 0.3 23 24 2.0 100
Urantum (ug/g) Bear Creek 2-6 -6 12 &2 4 200
Uranium Decay Series 4
(a) Thorium-234 (pCi/g) Bear Creek - 0.01-0.11 12 24 2.6 115
(b) Protactinium-234m  Bear Creek 5 0.01-0.11 9 50 5.0 181
{pCi/g)
Transuranics 4 5
(a) Plutonium-239 White Oak Creek - - 9 9.1 0.4 69
(pCi/g) 4 5
(b) Plutonium-238 White Oak Creek - - 9 . 0.62 G.007 4.1
(pCi/g) 4 5
{c) Americium-24}1 White Oak Creek - - 15 i1 0.43 73
(pCi/g) 4 5
(d) Curium-244 (pCi/g) White Oak Creek - - 9 3.3 0.014 12

1Background concentrations were obtained from TVA STORET data for sediment in the Tennessee River and tributary streams to the upper
Tennessee River. A detailed listing of background concentrations 1s given in Appendix IV. Analytical results of surface sediment
samples collected in Norris Reservoir were also used for background comparisons.

2For calculation of mean concentrations (or activities), less than detection limit values were assumed to equal the detection limit.
3Nercury concentrations are reported for the <500 ym size fractiou.

4No background concentration data were available.

ZDetection limit varies depending on the amount of sample avaflable.

Detection limit not established.
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floodplain and channel of East Fork Poplar Creek. Concentrations ranging

from 100 to 1,800 mg/kg were common in the floodplain of the upper stream

generally decreasing downstream. Mercury concentrations were generally
higher in core samples from the floodplain than in surface samples from
the stream channel. Mercury was also found at elevated levels in lower
White Oak Creek, but the concentrations were substantially less than those
found in East Fork Poplar Creek. Mercury levels in Bear Creek, Poplar

Creek, the Clinch River, and the Tennessee River were lower, but still

above background concentrations,

Arsenic, cadmium, lead, nickel, and silver also exceeded background levels

in East Fork Poplar Creek. Cadmium and nickel were found in Bear Creek

near the S-3 ponds (BCM 7.4). Chromium and silver were above background
levels in White Oak Creek and nickel concentrations were elevated in
Poplar Creek. Samples ¢ollected by ORNL and Y-12 showed similar results
for arsenic, cadmium, chromium, lead, nickel, and silver (6,8,11).
Zirconium, which is not a priority pollutant metal, was found at elevated

concentrations in all streams, except the Tennessee River.

Ten of the 54 priority pollutant organics analyzed (base/neutrals, PCBs,
and phenols) exceeded the analytical detection limit (Table 4). Since

these compounds are not naturally occurring and because standards,

criteria, and background data are not available, their presence at any




~18~

level warrants further investigation. Measurable concentrations of PCBs
were detected in the sediment of East Fork Poplar Creek, Bear Creek, and
lower White Oak Creek. These results are of particular interest because
PCB concentrations in some fish from these areas exceeded the FDA action

level of 2.0 ppm (5).

Sediment screening samples previously collected by ORNL also found many of
the organic compounds given in Table 4 to be above the detection limit in
the same streams (6). Exceptions include PCBs which were not previously
detected at any location; bis(2-ethyl hexyl) phthalate in White Oak Creek;
and phenanthrene in Bear Creek. It should be noted that the PCB detection
limit for the samples previously collected by ORNL (5,000 ug/kg) was

50 times greater than that used in the Task 2 analyses (100 ug/kg).

An interpretive analysis of sediment samples was conducted for the
nonpriority pollutant organic compounds which produced significant pesks
during the gas chromstograph/mass spectrometer analysis. A complete
listing of the compounds, their estimated concentrations, and the percent
probability of a positive match with a reference spectrum is provided in
the Task 2 report (3). Little information is available, however,

regarding the significance of these compounds.

Sediment analyses for radiological parameters identified ten isotopes at
elevated levels, including cesium-137, cobalt-60, strontium-90, uranium,

uranium decay series isotopes, and transuranics (Table 4). Concentrations
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of fission and'activation products were higher in lower White Oak Creek
than in other streams. Activity levels generally decreased downstream

from White Oak Creek.

The primary radioisotopes identified in lower White Oak Creek were
cesium-137, cobalt-60, and strontium-90. Elevated levels of these
parameters in the Clinch River were typically found in subsurface
sediment. Samples collec£ed by ORNL also show elevated levels of

cesium-137 and strontium-90 in the Clinch River (6). Concentrations in

other streams were similar to those found in the Tennessee River.
Elevated concentrations of transuranics were reported in lower White Oak
Créek with lesser amounts in the other streams. Increased levels of
uranium and uranium decay series radioisotopes were identified in Bear
Creek with less in East Fork Poplar Creek, and less still in lower White
Oak Creek. Previous analyses by ORNL of samples collected in Bear Creek

found elevated levels of uranium 234, 235, and 238.

3.2.2 CORRELATIONS BETWEEN PARAMETERS

All but four of the 34 surface-layer sediment samples contained more than
one parameter at an elevated concentration; exceptions were samples from
CRM 10.0, CRM 15.6, CRM 85.3, and CRM 94.1. Statistical correlations
between the parameters present at elevated concentrations were tested to

identify areas and parameters for further assessment of synergistic

effects and varying responses to remedial actions.
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Spearman's rank-order correlation was used, since many of the data are not
normally (or log-normally) distributed. Correlations were tested for East
Fork Poplar Creek (16 samples), White Oak Creek/Clinch River (11 samples),
and for all areas combined (34 samples).* Detection limit data and
duplicate samples were excluded from the analysis. Statistical results
are summarized in Table 5 for the significant correlations

(i.e., p<0.05). Figure 3 illustrates the data and statistical results for

two of the better correlations.

Forty-nine significant correlations were obtained for East Fork Poplar
Creek. Twelve of the correlations had a Spearman's rho equal to or
exceeding 0.90 (Table 5). Nickel was correlated with 12 parameters, with
mercury, plutonium-238, and silver yielding the highest correlations
{(0.91, 0.90, and 0.87, respectively). Silver was correlated with

11 parameters and was best correlated with plutonium-238,

protactinium-234m, and thorium-234 (0,97, 0.95, and 0.91, respectively).

Mercury was significantly correlated with eight parameters. The best
correlations were with nickel, silver, and thorium-234 (0.95, 0.91, and
0.86, respectively). In general, the results for East Fork Poplar Creek

indicate the co-occurrence of numerous contaminants, with the greatest

number of correlations between metals and between metals and radionuclides.

*Statistical correlations were not tested separately for Bear Creek or
Poplar Creek, due to the limited number of surface samples.
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MERCURY VERSUS NICKEL
SURFACE-LAYER SEDIMENTS - EAST FORK POPLAR CREEK
INSTREAM CONTAMINANT STUDY - TASK S
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Only 12 significant correlations were obtained for White Oak Creek/Clinch
River. This is due in part to the fewer number of samples

(i.e., 11 samples compared with 16 samples from East Fork Poplar Creek).
All but two of the 12 significant correlations for White Oak Creek/Clinch
River involved radiological parameters. Cesium-137 was significantly
correlated with five parameters and was best cortrelated with americium-241
and cobalt-60 (Spearman’s rho values of 0.90 and 0.88, respectively).
Chromium was significantly correlated with four parameters with
americium-241 and cobalt-60 having the highest correlation coefficients

(0.90 and 0.86, respectively).

The highest correlations for the composite data (all 34 samples) were
dominated by the influence of either East Fork Poplar Creek or White Oak
Creek/Clinch River.* Correlations between uranium, thorium-234, and
protactinium-234m were an exception. These parameters showed a broader

co-occurrence, as might be expected of uranium decay series isotopes.

In addition to the 34 surface-layer, samples, sediment core data from the
Tennessee River also yielded a significant correlation between mercury and

cesium-137. The results are illustrated in Figure 4.

*The statistical significance of several correlations increased when all
sample data was combined,
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3.3 FISH AND AQUATIC BIOTA

3.3.1 ELEVATED CONCENTRATIONS

Task 4 involved the analysis of flesh from fish and other aquatic
organisms (S). Seventeen parameters were found at concentrations
exceeding background levels, established guidelines, and/or analytical
detection limits.* These included nine metals, seven priority pollutant
organics, and one radioisotope (Table 6). Seven additional priority
pollutant organic compounds were identified and reported at concentrations
above the detection limit (Appendix IV). Exact identification of these

compounds is uncertain, however, die primarily to the presence of PCBs.

A total of 13 aquatic biota species from East Fork Poplar Creek had total
mercury concentrations exceeding the 0.3 mg/kg background level. The

Food and Drug Administration (FDA) action level for fish is 1.0 mg/kg

*%
methyl mercury . Mean total mercury concentrations were at or above

1.0 mg/kg in flesh from three fish species and in frogs from East Fork

Poplar Creek. Individual samples of snapping turtles, crayfish,

*Comparison of the results with background levels is complicated by
the scarcity of comparative data and natural variations between species.
Recognizing these limitations, Table 6 summarizes the data exceeding back-
ground levels. Significant elevated levels are best identified by
comparing mean concentrations with background levels (asterisks in Table 6).
Data are also included for those species with individual samples above
background levels.

**a11 aquatic biota samples were analyzed for total mercury rather than
methyl mercury. The FDA action level of 1.0 mg/kg was changed from total
to methyl mercury on November 19, 1984, after these analyses were
completed. In making this change, the FDA stated that "in most fish,
almost all the mercury present is in the form of the methyl
compound” (12).
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Table 6

PARAMETERS IN FISH AND OTHER AQUATIC BIOTA EXCEEDING BACKGROUND CONCENTRATIONS,
STANDARDS, CRITERIA, AND/OR ANALYTICAL DETECTION LIMITS

INSTREAM CONTAMINANT STUDY ~ TASK §

Approximate
Upper Limit Applicable
of Ba-kground Standardg or No., of Observed Concentrations
Parameter (Units) Stream Spacies Concentrations™ ~ Criteria Observations  Mean® Minimum® Maximom
YETALS
Mercury (mg/kg) East Fork Poplar Creek Redbreast Sunfish V.30 \.05 23 1,2 0.24 3.3
- Largemouth Bass 9 L4 » 0.80 1.9
White Sucker 2 0.97 » 0.54 1.4
Common Carp 9 0.78 +  0.21 1.3
Bluegill 17 0.76 * 0.20 1.2
Rock Bass 1 1.0 * 1.0 1.0
Warmouth 1 0.96 * 0.96 0.96
Yellow Perch 1 0.93 * 0.93 0.93
Black Redhorse 1 0.57 % 0.57 0.57
Green Sunfish 6 1 0.52 * 0.52 0.52
Frogs 6 11 1.4 * <Q.10 3.0
Crayfish "6 7 0.81 * 0.24 1.7
Saapping Turtles - 17 0.76 * 0.16 1.4
Bear Creek Bluegill 2 0.56 *  0.52  0.66
Rock Bass 11 G.31 * 0.17 0.50
White Sucker 4 0.38 » Q.24 0.49
Rorthern Hog Sucker 2 0.31 » 0.25 0.37
Poplar Creek Smallmouth Buffalo 2 0.93 » 0.13 1.7
Sauger 2 0.83 # 0.37 1.3
Largemouth Bass 10 0.50 * 0.24 1.3
Bluegill 13 0.37 » 0.18 0.82
Carp 3 0.29 a0.12 0.52
Channel Catfish 1 0.18 <0.10 0.42
White Oak Creek Largemouth Basa 7 0.24 <0.10 0.57
Bluegill 20 0,23 <0.10 0.56
Clinch River Smallmouth Buffalo 10 0.49 *  <0.10 1.2
(Watts -Bar) Largemouth Bass 40 0.24 <0.10 0.58
Carp 2 0.34 * Q.21 Q.47
Bluegill 42 0.15 <0.10 0.40
Clinch River Largemouth Bass 36 0.14 <(.10 0.44
(Melton Hill)
Cadmiue (mg/kg) East Pork Poplar Creek Bluegill 0.8&0 - 17 0.014 «0.0020 0.15
Crayfish "6 7 0.78 * 0.0040 1.7
Frogs b 11 0.19 * 0.044 0.50
Bear Creek White Sucker 4 0.026 0.010 0.060
Crayfish 1 1.5 * 1.5 1.5
Green Frog 1 0.17 » 0.17 0.17
Clinch River Largamouth Bass 36 0.013 «0.0020 0,14
(Melton Hill) Bluegill 30 0.013 <0.0020 0.060
Tennessee River Bluegill 20 0.0089 <0.0020 0.060
Arsenic {(mg/kg} East Fork Poplar Creek Redbreast Sunfish 0.30 - 23 0.036 <0.020 0.13
Crayfish - 6 0.16 * <0.020 0.40
Bear Creek Rock Bass 10 0.24 *  <0.10 0.50
Northetn Hogsucker 3 0.17 *  <0.10 0.20
Crayfish 1 0.20 * 0.20 0.20
Poplar Creek Striped Bass 2 0.40 = 0.20 0.60
Largemouth Basa 10 0.23 *  <0.10 0.40
White Bass 1 0.30 * Q.30 0.30
Hybrid Bass 1 0.30 * 0.30 0.30
Carp 3 0.17 . <0.10 6.30
Smallmouth Buffalo 7 0.13 *  <0.10 0.30
Chaanel Catfish 1 .14 & <0.10 0.20
Bluegill 13 0.12 *  <0.10 0.20
White Oak Creek Largemouth Bass 7 0.24 *  <0.10 0.40
Hybrid Bass 1 0.30 * 0.30 0.30
Channel Catfish 9 0.26 * 0.20 0.30
Black Bullhead 2 0.20 » 0.20 0.20
Striped Bass 4 0.15 *  <0.10 0.20
Bluegill 20 0.11 * <0,10 0.20
Yallow Baus 7 0.11 * «<0.10 0.20
Clinch River Bluegill 42 0.13 % <0.10 0.40
{Watts Bar) Lavgemouth Bass 40 0.13 & <0.10 0.40
Smallmouth Buffalo 10 0.12 *  <qQ.l0 0.30
Clinch River Channel Catfish 21 0.11 *  <0.10 0.30

{Melton Hill)
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Tablr 6 Continued

PARAMETERS IN FISH AND OTHER AQU/TIC BIOTA EXCEEDING BACKGROUND CONCENTRATIONS,
STANDARDS, CRITERIA, AND/OR ANALYTICAL DETECTION LIMITS
INSTREAM CONTAMINANT STUDY ~ TASK 5

Approximate

Upper Limit Applicable

of Background Standardg or No. of Observed Concentrations
Parameter (Units) Stream Speciea Concentrations Criteria Observations Mean” Minimum Maximum

METALS CONTINUED
Teunessee River Largemouth Bass 20 0.13 * <0.10 0.30

Silver (mg/kg) East Fork Poplar Creek  Bluegilil 0.20 - 17 0.29 *  <0.20 0.50

Green Sunfish 17 0.50 * 0.50 0.50
Largemouth Bass 9 0.2 * <0.20 0.30
Redbreast Sunfish 6 23 0.21 * <0.20 0.30
Crayfish 6. 7 0.31 » <0.20 0.60
Snapping Turtle - 17 0.24 *  <0.20 0.30
Poplar Creek Channel Catfist 1t 0.26 »  <0.20 0.60
White Dak Creek Channel Catfish 9 0.26 *  <0.20 0.50
Black Bullhead 2 0.30 *  <0.20 0.40
Clinch River Bluegill . 30 0.32 *  «0.20 2.0
{Melton Hill)
Chromium (mg/kg) East Fork Poplar Creek Bluegill 0.10 - 15 0.083 <0.020 0.29
Green Sunfish 1 0.19 * 0.19 0.19
Largemouth Bass 9 0.043 <0.020 0.13
Carp 6 6 0.043 «0,020 0.12
Frogs "6 11 1.0 = 0.21 2.3
Crayfish -6 7 0.060* 0.050 1.5
Snapping Turtles - 16 0.053 0.020 0.15
Bear Creek Rock Bass 10 0.19 * 0.0080 0.54
Northern Hog Sucker 5 0.17 »  <0.020 Q.48
Redbreast Sunfigh 6 2 0.17 * 0.080 0.26 |
Crayfish "6 1 0.34 * 0.34 0.34
Green Frog - 1 0.32 * 0.32 0.32
Poplar Creek Rock Bass 1 1.0 = 1.0 1.00
Hybrid Bass 1 0.59 * 0.59 0.59
Smallmouth Buffalo 7 0.31 » 0.020 0.56
Channel Catfish 11 0.085 <0.02¢  0.29
Striped Bass 2 0.16 * 0.13 a.18
Largemouth Bauu 10 0.041 <0.020 0.16
Bluegill 13 0.057 <0.020 Q.15
Carp 3 0.077 <0.020 0.11
White Oak Creek Bluegill 20 0.044 <0.020 0.36
Chanunel Catfish 9 0.087 <0.020 0.35
Largemouth Bass 7 0.043 «0.020 0.t4
Yellow Bass 7 0.044 <0.020 0.12
Clinch River Largemouth Bass 40 0.092 <0.020 0.82
(Watts Bar) Bluegill 42 0.047 <0.020 0.57
Carp 2 0.16 * 0.12 0.22
Smallmouth Buffalo 10 0.040 <0.020 0.14
Clinch River Channel Catfish 21 0.091 <«0.020  0.36
{Melton H1il1l) Bluegill 30 0.069 ¢.030 Q.17
Tennessee River Largemouth Bass R 20 - 0.15 *  <0.020 0.98
Paddlefish 1 0.64 * 0.64 0.64
Bluegiil 20 0.064 <0.020 0.38
Copper {mg/kg) East Fork Poplar Creek Bluegill ) 0.90 - 5 0.86 0.32 2.0
Carp 9. 0.73 0.22 2.0
Bear Creek Northern Hog Sucker 2 1.2 1.1 1.3
Poplar Creek Channel Catfish | 11 0.74 <0.10 4.1
Carp 3 1.4 1.1 1.6
White Oak Creek Channel Catfish . 9 1.9 = 0.14 10
Clinch River Channel Catfish ) 21 0.58 <0.10 1.8
(Melton Hill)

Selenium (mg/kg) East Fork Poplar Creek Carp 0.80 - 9 0.56 0.17 0.86
Clineh River Carp 2 1.8 * 1.0 2.6
(Watts Bar)

Clinch River Bluegill 1 1.0 * 1.0 1.0

(Melton HilYl)
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Table 6 Continued

PARAMETERS IN FISH AND OTHER AQUATIC BIOTA EXCEEDING BACKGROUND CONCENTRATIONS,
STANDARDS, CRITERIA, AND/OR ANALYTICAL DETECTION LIMITS

INSTREAM CONTAMINANT STUDY - TASK 5

Approximate
Upper Limit Applicable
of Background Standards or No. of Observed Concentrations
Parameter (Uniis) Stream Species Concentrations Criteria Observations HeanJ Hinimuma Maximun
METALS CONT INUED
Beryllium (mg/kg) Poplar Creak Channel Catfigh 0.020 1 0.022 <0.020% 0,040
White Ouk Creek Black Bullhead 2 0,030 0.020%% 0.040
Clinch River Channel Catfish 21 0.026 <0.020 0.060
(Melton Hill)
Thallium (mg/kg) East Fork Poplar Creek Carp 1.0 9 1.2 * <1, .
Clinch River Yellow Bullhead 1 3.8 * 3. 3.8
(Melton Hill) Channel Catfish 21 1.1 * <1.0 3.0
PRIORITY POLLUTANT ORGANICS
Total PCBs (mg/kg) East Fork Poplar Creek Carp 0.10 2.05 3 2.9 * 2.0 3.7
Lavgemouth Bass 3 0.52 * <0.10 0.92
Channel Catfish 1 0.60 * 0.60 0.60
Poplar Creek Channel Catfish 11 1.0 * <0.10 3.4
White Onk Creek Chonnel Catfish 9 3.2+ 2.2 5.6
Carp 12 0.32 * <0.10 1.0
Clinch River Channel Catfish 33 0.68 * <0.10 2.4
(Watts Bar)
Emory River Channel Catfish 1 0.71 *  <0.10 1.6
Clinch River Channel Catfish 13 0.45 4 <0.10 4.7
(Melton Hill)
Tennessee River Channel Catfish 21 0,49 *  <0.10 1.4
Di-n-butyl phthalate (mg/kg) Clinch R. (Melton H11l) Yellow Bullhead 8 - 1 1.3 1.3 1.3
Bis(2~ethyl hexyl) East Fork Poplar Creek  Largemouth Bass K - 5 . 0.89 * 0.67 1.2
phthalate (mg/kg)
Chloroform (mg/kg) White Oak Creek Channel Catfish B - 9 <0.050* <0.050 0.02%
RADIOISOTOPES
Cesium-137 {pCi/g) East Fork Poplar Creek Largemouth Bass 0.2 8.09 1 2.6 * 2.6 2.6
o Spotted Sucker 1 2.2 * 2.2 2.2
Channel Catfish 1 1.7 * 1.7 1.7
Bluegill 1 1.0 * 1.0 1.0
White Osk Creek Bluegill 2 14 * 1.1 26
Smallmouth Buffalo 1 9.7 * 9.7 9.7
Carp 2 6.7 * 5.7 1.7
Channel Catfish 1 7.3 * 7.3 7.3
Largemouth Basa 1 7.1 * 7.1 7.1
Striped Bass 1 2.6 % 2.6 2.6
Clinch R. (Watts Bar) Largemouth Bass 3 6.5 * 0.60 18

1
Background concentrations were obtained from various sources as given in Appendix IV, and do not reflect differences among species,

The upper limits were applied to all species.

upper limit. Mean concentrations exceeding the upper limit are denoted with an asterisk (*).

o v s wN

Comparative data were not available for nonfish aquatic biota.

Food and Drug Administracion (FDA) action level.

exceeded background concentrations for fish.

Dashes indicate. standards or criteria not available.

Contaminant concentrations below the analytical detection iimit are preceded by "<".

Relevant elevated levels are best identified by comparing mean concentrations with the

For calculation of mvan concentrations (or activities), less than detection limit values were assumed to equal the detection limit.

In the absence of these data, parameters were listed when concentrations

7
Seven additional priority pollutant organic compounds were tdentifled and reported at concentrations above the detection limit (Appendix 1V).
Exact identification of these compounds is uncertain, however, due primarily to the presence of PCBs.

"R" in Appendix II, {ndicating possible influence by other compounds.

Background concentrations not avilable.

The values are denoted with an

Reporting levels. suggested by the Nuclear Regulatory Commission for radicactivity in f£ish samples from the vieinity of nuclear power
p!antu. as outlined in draft NUREC-0472, Rev. 3, Standard Radiclogical Effluent Technical Specifications for Pressurized Water Reactors.
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and three additional fish species had maximum concentrations exceeding

1.0 mg/kg.

Total mercury concentrations were above 1.0 mg/kg in three fish species
from Poplar Creek and one species from the Clinch River. Each of these
species had individual sample concentrations exceeding 1.0 mg/kg, but mean
concentrations were less. Figure 5 shows the mean of total mercury
concentrations in all species of fish from upper East Fork Poplar Creek to
the Tennessee River. The concentrations generally decreased downstream
until background levels were attained in the lower reach of the Clinch

River and in the Tennessee River.

The other priority pollutant metals found at elevated concentrations were
arsenic, beryllium, cadmium, chromium, copper, selenium, silver, and
thallium. Arsenic concentrations were above background levels in a total
of 13 different fish species collected from Bear Creek, Poplar Creek,
White Oak Creek, the Clinch River, and the Tennessee River (Table 6).
Arsenic was above background levels in crayfish samples from East Fork
Poplar Creek and Bear Creek. Beryllium was detected at elevated levels in
two fish species (Poplar Creek, White Oak Creek, and the Clinch River).
Cadmium was above background levels in three fish species from East Fork
Poplar Creek, Bear Creek, the Clinch River, and the Tennessee River, and
in crayfish and frog samples from East Fork Poplar Creek and Bear Creek.
Chromium was found at elevated levels in 13 fish species (covering all of

the streams sampled). Chromium was also detected at elevated
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concentrations in frogs and crayfish from Bear Creek and East Fork Poplar
Creek, and in snapping turtles from East Fork Poplar Creek. Elevated
concentrations of copper were found in four different fish species from
East Fork Poplar Creek, Bear Creek, Poplar Creek, White Oak Creek, and the
Clinch River. Selenium was above background concentrations in two fish
species (East Fork Poplar Creek and the Clinch River). Silver was above
background levels in six fish species (East Fork Poplar Creek, Poplsr
Creek, White Osk Creek, and the Clinch River), and in crayfish and
snapping turtles from East Fork Poplar Creek. Thallium concentrations
were above background levels in three fish species from East Fork Poplar

Creek and the Clinch River.

Analyses of 110 priority pollutant organics including PCBs, pesticides,
base/neutrals, acid extractables, and volatile organics found seven
compounds at levels exceeding the analytical detection limit. Of these
seven compounds, PCBs (polychlorinated biphenyls) were the most
significant. Concentrations above the analytical detection limit were
found in all streams sampled, except Bear Creek. The FDA action level for
PCBs in fish flesh is 2.0 mg/kg. Mean total PCB concentrations in carp
from East Fork Poplar Creek and catfish from White Oak Creek exceeded this
limit. Individual fish from Poplar Creek and the Clinch River also
exceeded 2.0 mg/kg, but species mean concentrations were less than

2.0 mg/kg. Figure 6 summarizes the Clinch River PCB data collected by TVA
and ORNL (13) for catfish and carp. PCB concentrations in the catfish

collected by TVA decrease downstream from White Oak Creek, while




3N H3AIY

HIAIY 33SSINNIAL H3AIH HONITO
wmm

13A37 QZ:O&OKO va

m\

ot -
(o}
-
>
r
LY
O
@
O
73A31 NOILOV va4d \ \ an
/ \ s %
M,\_J, / / M m
_ « m -~ 0'¢ oy
. >
(P3103}100 ysty 40 "ON - tutod eiep Aq "ON) 4 3
o) 2
‘YAl Aq pazAjeue pus % m;
pelsejoo sejdwes Ysyied —O- H Joy 2

“INHO 4q pazAjeue pus N

p8}08||00 §0|dWES GIBD) == = == = —

S MSVYL - AGNLS LNVNINVLINOO WV3HLSNI
HS37d4 HSId NI
mZO_._.<m._.Zm0200 g0d 1vL1OL NV3IW "9 8inbidg




-3

concentrations in the carp collected by ORNL were highest at Clinch
River Mile 5. These data are sufficient to identify PCBs as a contaminant
of major interest, but additional data are needed to determine the

source(s) and the extent of contamination.

Other organic pfibfity pollutants:detected in fish flesh included:
di-n-butyl phthalate, bis(2-ethyl hexyl) phthalate, and chloroform

(Table 6). Only four fish samples were found to contain these compounds
at levels above the detection limit and no samples contained more than one
compound. There were no obvious spatial trends for these compounds in
fish, since only four samples in three disassociated streams were involved

{(Melton Hill Reservoir, White Oak Creek, and East Fork Poplar Creek).

Fish flesh were also analyzed for other nonpriority pollutant organics and
organic metabolitesf A complete listing of the compounds found, the
locations and concentrations at which they were detected, and their
probability of occurrence is presented in the Task 4 report (5). Little
information is available, however, regarding the significance of these

compounds.

Radiological analyses of fish flesh found cesium-137 to be the most
elevated radioisotope with the greatest activity occurring in White Oak

Creek. Two of the eight fish samples collected in White Oak Creek (one
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bluegill and one smallmouth buffalo) contained cesium-137 in excess of the
8 pCi/g activity limit proposed by the Nuclear Regulatory Commission (NRC)
for fish samples taken in the vicinity of nuclear power plants. One fish
sample (a largemouth bass) collected in the Clinch River also contained
cesium-137 in excess of the proposed NRC limit. In East Fork Poplar
Creek, cesium-137 levels -in fish were substantially above background
levels, but no samples exceeded the NRC limit. Activity levels in fish

samples collected from Bear Creek were consistent with background levels

~ reported in the Tennessee River.

Relative abundance estimates of fish collected on East Fork Poplar Creek
indicated that greater densities were present in the upper reaches of the
stream. Normally, fish densities are much greater near the mouth of a
stream and decrease in an upstream direction. It has been suggested by
Van Winkle et al. (14) that the West End Sewage Treatment Plant at East
Fork Poplar Creek Mile 8.3 could be affecting the distribution and
abundance of fish in East Fork Poplar Creek. The sites with the highest
densities of "edible" fish were those above the sewage treatment plant.
This is the section of East Fork Poplar Creek most accessible to the
public and also where the greatest concentrations of contaminants in fish
were observed. Relative abundance estimates near the mouth of Bear Creek
indicated considerably higher fish densities than at any of the locations

sampled on East Fork Poplar Creek.
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3.3.2 - CORRELATIONS BETWEEN PARAMETERS

Statistical correlations between the parameters present at elevated
concentrations in the flesh of aquatic biota were tested to identify areas
and parameters for further assessment of synergistic effects. Spearman's
rank-order correlation was used, since many of the data are not normally
{(or log-normally) distributed. Correlations were tested for East Fork
Poplar Creek, White Oak Creek/Clinch River, and for all areas

combined.* Detection limit data and duplicate samples were excluded

from the analysis. Statistical results are summarized in Table 7 for the

significant correlations (i.e., p<0.05).

Only four significant correlations were obtained for data from East Fork
Poplar Creek. TIwo were negative correlations between total mercury and
total PCBs (Spearman's rho for all species of -0.90) and between chromium
and selenium (Spearman's rho for all species of -0.58). Positive
correlations were obtained between cadmium and chromium (0.63 for all

species) and between total mercury and selenium (0.75 for carp).

Nine significant correlations were obtained for data from White Qak Creek
and the Clinch RiVer. Six of these correlations were either for

or reflect the data for catfish from these streams (Table 7). The
*Although a total of 533 aguatic biota samples were collected, the

number of paired observations was substantially less, with no paired
observations between many parameters.
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highest correlation was obtained between chromium and total PCBs in
catfish (0.90). Selenium showed a negative correlation with

arsenic (-0.61).

Results for the composite data were influenced by the catfish data for
White Oak Creek and the Clinch River, but showed several additionasal
correlations. The most notable was the négative correlation between total
mercury and selenium in bluegill and catfish (-0.91 and -0.87,
respectively). These correlations contrast with the positive correlation

found for carp from East Fork Poplar Creek (0.75).

3.4 SUMMARY

Thirty-nine of the 217 compounds, elements, or parameters analyzed during
the Instream Contaminant Study were present at concentrations exceeding
background levels, criteria, standards, and/or analytical detection
limits. Tables 8 and 9 summarize these parameters and specify the sample
medium and stream in which each was found. Previous sediment screening
analyses by ORNL (6) identified 82 contaminants (76 if PCB isomers are
totaled and included as one parameter) which could not be eliminated from
further investigation, based on the sediment concentrations and
conservative assumptions of contaminant uptake by aquatic organisms and

subsequent ingestion by humans.
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Table 8

SUMMARY OF PARAMETERS EXCEEDING BACKGROUND CONCENTRATION§,
STANDARDS, CRITERIA, AND/OR ANALYTICAL DETECTION LIMITS
INSTREAM CONTAMINANT STUDY ~ TASK 5

Sediment Parameters Identified
Sample Media by ORNL as Warranting
Parameter Water Sediment Fish Further Investigation (6)

PHYSICAL PARAMETERS

Conductivitcy X
Hardness X

METALS

Mercury X
Cadmium X
Copper -
Chromium -
Lead -
Nickel -
Arsenic -
Selenium -
Beryllium -
Thallium -
Silver ~-
Zirconium

Lithium X

BB XK
R U R ]
B B4 DO D BB PSP Dd

P

INORGANIC NONMETALLIC
COMPOUNDS

NitratetNitrite X

PRIORITY POLLUTANT
ORGANICS

Total PCB - X
Chloroform - X
Anthracene -
Benzo~a~anthracene -
Chrysene -
Fluoranthene -
Bis(2-ethyl hexyl)
phthalate -
Di-n-butyl phthalate -
Phenanthrene -
Pyrene -
Benzo-a-pyrene -
Total Phenols X

D pe b D 1 M MM MK "~
|
i RIS ]

1
I3t

RADIOISOTOPES

Cesium-~137 -
Cobalt-60 -
Strontium-90 -
Uranium ’
Thorium~234 -
Protactinium~234m -
Plutonium-238

Plutonium-239

Americium-241

Curium-244

Tritium X

B R T S
1

l

TOTALS? 8 28 14

lDash indicates that énalyses were performed, but concentrations or activities

were within background levels. Blank indicates that analyses were not
performed.

2A total of 39 parameters in water, sediment, or aquatic biota were found to

exceed background concentrations, criteria, standard, and/or analytical
detection limits.
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Table 9

SUMMARY OF PARAMETERS EXCEEDING BACKGROUND CONCENTRATIONS, ST’NDARDS. CRITERIA, AND/OR ANALYTICAL
DETECTION LIMITS BY STREAM
INSTREAM CONTAMINANT STUDY - TASK §

East Fork 2
Poplar Creek Bear Creek Poplar Creek White Oak Creek Clinch River Tennessee River
Parameter Water Sed. Fish Water Sed. Fish Vater Sed. Fish Water Sed. Fish Water Sed. Fish Water Sed. Fish

PHYSICAL PARAMETERS
Conductivity - X - - -
Hardness - X -
METALS
Mercury 4 X X - X X - X X - X X - X X X -
cadmium - X X X X X - - ; - - ; - - : X
Copper - X - X - - -
Chlt’gmium - - X - - X - - X - X X - - X - X
Lead - X - - - - - - - - - - - X -
Nickel - X - - X - - X - - - - - X - -
Arsenic - X X - - X - - X - - X - X X X
Selenium - X - - - -, - - - X
Beryillium - - - - - X - X - X
Thallium - X - - - - - - - X
Silver - X X - - - - X - X X - - X -
Zirconium X X X X X
Lithium X -
INORGANIC NONMETALLIC
COMPOUNDS
NitratetNitrite - X -
PRIORITY POLLUTANT
DRGANICS
Total PCB - X X - X - - X - X X - X - X
Chloroform - - - - ~- X . -
Anthracene - X - - - - - - - - - -
Benzo-a-anthracene - X - - - - - - - - - -
Chrysene - X - - - - - - - - - -
Fluoranthene - X - - X - - - - - - -
Bis(2-ethyl hexyl)

phthalate - X X - - - - - X - - -
Di-n~butyl phthalate - - - - - - - - - - - X
Phenanthrene - X - - X - - - - - - -
Pyrene e X - - X - - - - - - -
Benzo-a-pyrene - X - - - - - - - - -
Total Phenols - X - X X - - b 4 - - - -
RADIOISOTOPES
Cesium~137 - - X - - - - X X - X X
Cobalt-60 - - - - - - - X - - - -
Strontium-90 - - - - - - - X - - - -
Uranium - X - - -
Thorium~234 - - - X - - - - - - - -
Protactinium-234m - - - X - - - - - - - -
Plutonium-238 - - - b 4
Plutonium-239 - - - X -
Americium-241 - - - X -
Curium-244 - - - X -
Tritium - - X -
TOTALS - ALL MEDIA 23 18 9 19 ) 15 s

1
Dash 1ngicat:a that analyses were performed, but concentrations or activities were within background levels. Blank indicates that analyses were
not performed,

2
Clinch River data includes fish sampling station at Emory River Mile 1.0 and sediment sampling station at Powall River Mile 6.0.
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Twenty of the 39 parameters identified by the Instream Contaminant Study
were included in the ORNL list of 82 contaminants. Of the

19 parameters not included in the ORNL list (Table 8), twelve were not
analyzed durihg the sediment screening study and seven parameters were
excluded because the concentrations were not sufficient to exceed the
Allowable Daily Intake (ADI) for human consumption (6). During the
Instream‘Contaminant Study, three of these seven parameters were found at

concentrations substantially higher than previously observed.

These results suggest that at least 15 parameters should be added to the
ORNL list of 82 parameters deserving further examination. The twelve
parameters not previously analyzed by ORNL are hardness, conductivity,
lithium, zirconium, nitrate+nitrite nitrogen, uranium, thorium-234,
protactinium-234m, americium-241, curium-244, cobalt-60, and tritium. The
three parameters present‘at concentrations substantially higher than

previously observed are strontium-90, plutonium-238, and plutonium-239.

Mercury, cadmium, and PCBs were the most notable of the 39 parameters
exceeding background concentrations or established standards (Table 8).
Mercury was present at elevated concentrations in the water, sediment, and
fish of East Fork Poplar Creek (Tables'3, 4, and 6). Mercury
concentrations were greatest in the upper reaches of the creek and

generally decreased with distance downstream. During stormflow

conditions, total mercury concentrations in East Fork Poplar Creek reached
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a maximum of 44 ug/L (i.e., 22 times the EPA Drinking Water Standard of
2.0 uyg/L). Total mercury.concentrations in the floodplain sediment of
East Fork Poplar Creek were above background levels of 0.2 to 1.0 mg/kg
and ranged up to 1,800 mg/kg. Mercury concentrations in lower White Oak
Creek sediments were above background levels (maximum of 44 mg/kg), but
were substantially below maximum concentrations in East Fork Poplar
 Creek. Although no standard or action level exists for mercury
conéentrations in soil, previous assessments have recommended values
ranging from 12 to 500 mg/kg (15). Total mercury concentrations in fish
flesh exceeded the previous FDA limit of 1.0 mg/kg for samples collected
from both East Fork Poplar Creek, Poplar Creek, and the Clinch River with
a maximum concentration of 3.3 mg/kg in a redbreast sunfish collected in

East Fork Poplar Creek.

Cadmium also exceeded background concentrations in water, sediment, and
fish. The highest levels in water and sediment were found in Bear Creek
in the vicinity of the S-3 waste disposal ponds. The highest levels in
aquatic biota wére found in crayfish collected from East Fork Poplar Creek

and Bear Creek.

PCB concentrations were highest in the sediment and fish of East Fork
Poplar Creek and White Oak Creek (Tables 4 and 6). Sediment
concentrations in both creeks were above the analytical detection limit

with maximum total PCB concentrations of 4.0 mg/kg and 2.8 mg/kg in East
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Fork Poplar Creek and White Oak Creek, respectively. PCB concentrations
in fish flesh exceeded the FDA action level of 2.0 mg/kg in samples
collected in both creeks and in the Clinch River with a maximum of

5.6 mg/kg found in a catfish collected in White QOak Creek. PCB levels in
sediment and fish of other streams were above the analytical detection
limit in several instances but were generally less than levels in East

Fork Poplar Creek and White Osk Creek.

Other parameters substantially exceeding background levels include
chromium, silver, and cesium-137. Chromium was present at elevated levels
in sediment and aquatic biota samples from White Qak Creek and in aquatic
biota samples from the other sampled streams including the Tennessee River
(Tables 4 and 6). Silver was present at elevated levels in sediment and
aquatic biota samples from East Fork Poplar Creek and White Oak Creek and
in aquatic biota samples from Poplar Creek and the Clinch River.
Cesium-137 activities were elevated in both sediment and fish samples in
White Qak Creek and the Clinch River, with the most substantial levels
occurring in lower White Oak Creek and in White Oak Lake. Cesium-137

activities in fish samples from East Fork Poplar Creek were also elevated.

Other parameters substantially above background levels in localized areas
include nitrate+nitrite nitrogen in the surface water of upper Bear Creek
near the $-3 ponds, tritium in the surface water of lower White Oak Creek,

and uranium and uranium decay series isotopes in the sediments of Bear

Creek.
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4.0 MERCURY CONTAMINATED SEDIMENT

In addition to identifying the contaminants of potential concern, a second
objective of this study is to quantify offgsite mercury contamination of
sediments and the expected transport of these sediments. Initial sediment
sampling in East Fork Poplar Creek, Bear Creek, and lower White Qak Creek
confirmed that East Fork Poplar Creek was the area of primary concern.
Subsequent sampling and transport analyses focused on this area. Core
samples were obtained from seven locations in the Tennessee River to

supplement previous data on the downstream movement of mercury.

4.1 ESTIMATED QUANTITIES

Sediment cores and surface samples were collected at 130 separate
locations along 30 transects of East Fork Poplar Creek (EFPCM 0.23 tb
EFPCM 14.36). - The sampling included 122 floodplain cores that were
divided into layers, usually 3 to 9 inches in depth, and 30 surface-layer
samples from the stream channel. Approximately 80 percent of all cores
penetrated to the underlying "uncontaminated" sediment, as defined by a
mercury concentration of less than 5.0 mg/kg.* A total of 394 separate
samples were obtained. All samples were analyzed for total mercury

concentration in the <500 uym particle size fraction and most samples

*Background concentrations of mercury in soil and sediment are
generally between 0.2 and 1.0 mg/kg (Appendix IV). A concentration of
5.0 mg/kg is used here to define the areas and quantities most relevant
to remedial action considerations.
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were analyzed for the <63 ym fraction. Analysis of 53 samples for a
complete range of size fractions indicated that over 90 percent of the
mercury is contained in the <500 ym fraction (Table 10). A complete

presentation of the data is given'in the Task 2 report (3).

Mercury concentrations for the <500 um size fraction were used in
éstimating the volume of contaminated sediment and amount of mercury
present. Two levels of contamination were examined (i.e., mercury
concentrations from 5 to 100 mg/kg and concentrations exceeding 100 mg/kg).
Two methods of calculation were used for each level of contamination. The
transect-reach method assumed that: (1) the data for each transect
represents a predetermined stream reach; (2) the effective length of each
reach is the floodplain area divided by the floodplain width; and (3) the
mean’mercury concentration at each transect is representative of the
reach. The average end-area method assumed that: (1) the mean of two
adjacent transects represents the gstream reach between the transects;

(2) the length of each reach is the distance traversed by the stream
channel; and (3) the depth weighted mean mercury concentration at esach
sampling location is representative of that location. Each method is

discussed in Appendix V.

The two methods give slightly different results for individual stream
reaches, but the net results are essentially the same when the reach

between EFPCHM 10.15 and EFPCM 11.50 is excluded. This reach has the
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Table 10

MERCURY CONCENTRATIONS FOR.VARIOUS PARTICLE SIZE RANGES - EAST FORK POPLAR CREEK
INSTREAM CONTAMINANT STUDY - TASK §

Particle Mean % of Total ‘ Mean Mercury Concentration Mean % of Total
Size Range Sample Dry Weight in .in Specified Size Range Mercury in
(um) Specified Size Range (mg/kg) Specified Size Range

All Samples

n = 53
<63 59.8 137.2 75.4
63-125 12.2 69.2 7.8
125-500 ©14.6 79.0 10.6
500--2000 8.1 56.4 4,2
2000~0.25 in. 5.3 41.3 2.0
Samples with Hg Between 0 and 5 mg/kg
n =4
<63 68.9 1.9 82.4
63-125 14.6 1.1 10.1
125-500 6.1 1.3 5.0
500-2000 8.4 0.4 2.1
2000-0.25 in. 2.0 0.3 0.4
Samples with Hg Between 5 and 100 mg/kg
n = 28
<63 650.3 39.4 69.5
63-125 11.4 20.1 6.7
125-300 14.5 27.0 11.5
500-2000 7.3 32.3 6.9
2000-0.25 in. 6.5 28.7 5.4
Samples with Hg Between 100 and 500 mg/kg
a = 18
<63 55.8 189.0 74.4
63-125 12.5 77.9 6.9
125-500 16.5 79.6 9.3
500-2000 10.3 98.4 7.1
2000-0.25 in. 4.9 67.4 2.3
Samples with Hg Greater than 500 mg/kg
n=3
<63 66.2 920.0 76.3
63-125 14,2 566.7 10.1
125-500 15.8 663.3 13.1
500-2000 2.6 125.0 0.4
2000-0.25 in. 1.2 56.5 0.1
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highest mercury concentrations and the two methods of estimating reach

length produce substantially different results (see Appendix V). Since
the two methods give similar results (when the reach between EFPCM 10.15
and EFPCM 11.50 is excluded), mean values are given in Table 11 as the

%
best estimate of contaminated sediment volumes and mercury quantities.

An estimated 16 million-cubic feet (760,000 tons) of contaminated sediment
and approximately 170,000 pounds of mercury are contained in the
floodplain and channel of East Fork Poplar Creek. The area of
contamination covers approximately 450 acres of the 600 acre floodplain.
Most of the mercury is in the upper reaches of the stream and is contained
in areas where the mercury concentration exceeds 100 mg/kg. For example,

approximately 75 percent (130,000 pounds) of the mercury is upstream of

 EFPCM 9.45. Approximately 80 percent (138,000 pounds) of the mercury is

contained in the 25 percent of contaminated sediment with a mercury
concentration exceeding 100 mg/kg. Figures 7-11 illustrate these spatial

and concentration variations.

4.2 SEDIMENT TRANSPORT

Water and bedload samples were collected during three rainstorms to assess

the transport and fate of the mercury contaminated sediment in East Fork

*These mean values differ slightly from the preliminary estimates
(based on the transect-reach method) presented in the Tasks 2 and 3

reports.
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FIGURE 7
in less than 500 micron fraction
East Fork Poplar Creek
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for Contaminated Sediment exceeding S mg/kg Mercury Concentration

in less than 500 micron fraction

fast Fork Poplar Creek
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Poplar Creek (2,4). Water samples from sgix locations* were collected
acrosg the storm hydrograph and analyzed for total suspended solids, total
mercury, and dissolved mercury. Table 12 summarizes the peak discharges
and water quality data 6ﬁtained'at each station, Peak discharges for all
three storms were substantially below the 2-year recurrence interval. The
water quality data show’relatively high sediment concentrations for the
storms sampled; most of-the mercury appearing in the suspended form; and
no obvious spatial trend in total mercury concentrations. Figures 12-15
illustrate transport rating functions for three of the stations sampled,

based on the limited range of storm events experienced during the project.

Daily streamflow records were obtained for EEPCH 3.3 from USGS reports
(1961 through 1983). Based on these data, the mean daily discharge at
EFPCHM 3.3 is 51.9 cubic feet per second, with an estimated 19.4 cfs coming
from New Hope Pond (EFPCM 14.7) and the Oak Ridge West End Sewage
Treatment Plant (EFPCM 8.3). Peak discharges at EFPCM 3.3 are 700, 1,500,
4,100, and 7,800 cfs, respectively, for fecurrence intervals of 1, 2, 30,
and 500 years. The largest known flood at this station occurred

September 29, 1944, and had a peak discharge of 4,600 cfs (approximately

50-year recurrence interval),

*Samples were also collected from one station on Bear Creek and transport
estimates developed. The results are presented in the Tasks 1 and 3
reports, but are not included here because the relative contribution of
Bear Creek is small.

1.
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Table 12

MAXIMUM AND MINIMUM VALUES OF TSS, THg, %ND DHg FOR
THE THREE STORM EVENTS SAMPLED
INSTREAM CONTAMINANT STUDY -~ TASK 5

Bear Mill
East Fork Poplar Creek Creek  Branch
Parameter M14.36 M10.0 M6.89 M3.3 MO.03 MO.55 MO.2
Storm #1 October 22-23, 1984
Peak Q (cfs) 220 360 446 310 - 82 19
TSS (mg/L) 120/16 300/40 370/30 440/81 590/62 550/38 30/3
THg (mg/L) 11.0/1.4 7.0/2.9 - . 11.0/1.5 - 1.1/0.4 -
DHg (mg/L) 0.3/<.2  0.7/<.2 - 0.3/<.2 - 0.7/<.2 -
Storm #2 November 10-11, 1984
Peak Q (cfs) 88 224 316 247 - 66 14
TSS (mg/L) 570/25 600/2 300/68 350/18 550/16 130/17 72/5
THg {(mg/L) 26.0/2.1 24.0/5.2 - 12.0/0.9 - 0.5/0.2 -
DHg (mg/L) 0.4/<.2  0.2/<.2 - 0.9/<.2 - <.2/<.2 -
Storm #3 April 5-6, 1985
Peak Q (cfs) 78 237 335 246 - 62 25
TSS (mg/L) 210/33 490/40  890/40 - 770/140 580/66 1000/64  47/<1
THg (mg/L) 11.0/2.5 44.0/3.4 - 16.0/3.7 19/2.3 1.6/0.2 -
DHg (mg/L) <.2/<.2. <,2/<.2 ~ <.2/<.2 <.2/<.2 <.2/<.2 -

1Dash indicates data not collected.

, . o - . .
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Combining streamflow frequencies and transport rating functions indicates
that approximately 17,400 tons (366,000 cubic feet) of sediment and

500 pounds of mercury are exported annually from East Fork Poplar Creek
{see Task 3 report). An estimated 75 pounds of the exported mercury come
from New Hope Pond, primarily during storm events. Analysis of mercury
loads between stations shows that 20 to 40 percent of the total at

EFPCM 3.3 enters the stream above EFPCM 14.36; and that the remaining load
is contributed primarily by the reach between EFPCM 10.0 and 14.36. This
is consistent with the above results showing that most of the contaminated

sediment and mercury is upstream of EFPCM 9.45.

The mean mercury concentration of the transported sediment was
approximately ten percent of the mean concentration of the contaminated
sediment in the floodplain. This suggests that only a small portion of
the transported sediment is from the contaminated area. This might be
expected since the contaminated area covers only about four percent of the

19.5 square mile watershed upstream of EFPCM 3.3.

The scour and deposition potertial along East Fork Poplar Creek was
examined using the U.S. Army Corps of Engineers HEC-2N model (16). The
model predicted elevations, flows, and velocities for floods with a 2, 10,
50, 100, and 500 year recurrence interval. Table 13 gives the results for
the largest flood since 1950 (approximately 30 year recurrence interval).
Figure 16 illustrates flood elevations and velocities obtained for the

stream transect at EFPCM 10.05.
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Table 13

FLOODPLAIN AND- CHANNEL VELOCITIES
FOR THE MAXIMUM FLOOD SINCE 1950
EAST FORK POPLAR CREEK
INSTREAM CONTAMINANT STUDY -~ TASK 5

' Left Bank Channel Right Bank Water Surface
. Mile “Pt/Sec Ft/Sec Ft/Sec Elevation
14.36 0.00 6.28 0.00 894.08
A 14.02 1.58 5.24 1.72 880.27
' 13.74 0.64 3.93 1.40 868. 65
| 13.71 0.58 2.76 1.02 868.65
13.66 0.58 2.76 1.02 866.13
13.55 0.41 3.45 0.88 863.70
l 13.00 0.89 4.07 1.91 855.84
12.89 0.00 5.15 0.00 852.90
) 12.06 0.00 5.15 1.38 844. 96
l 11.30 1.06 4.79 1.54 840. 60
10.90 2.01 442 2.36 837.76
10.05 0.79 1.98 0.87 830.73
10.00 0.79 1.98 1.62 830.61
' 9.74 1.54 3.88 1.42 823.79
9.21 1.87 3.21 0.78 819.50
8.70 1.19 2.27 0.96 814.51
' 8.12 0.71 4.97 1.44 810.38
7.95 1.11 5.52 1.47 809.07
7.05 1.28 2.59 1.20 797. 44
: 6.72 1.28 2.49 0.72 793.31
l 5.74 1.78 5.61 1.84 786.47
4.92 1.23 2.69 1.27 780. 38
4.52 1.74 5.74 1.00 776.63
"' 4.50 1.74 5.74 1.00 776.51
3.50 1.11 5.91 1.09 769.68
2.85 1.82 7.69 1.60 763. 44
2.36 0.34 3.03 1.06 758. 47
1.35 1.01 2.90 0.86 756.47
1.20 0.66 2.98 0.88 755.57
0.23 0.76 3.31 1.17 754.35
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Low velocities in overbank areas, even during larger floods, and the dense
mature vegetation on the floodplain indicates that the floodplain is
relativély stable, and‘more subject to deposition than scour. In
contrast, flood velocities in the channel are sufficient in many places to
scour and transport bottom and bank sediments. Thus, any significant
disturbance of the floodplain without proper erosion controls is likely to

increase sediment yields and transport rates.

These sediments could eventually be transported to the Tennessee River.
TVA and ORNL core sediment data from the Tennessee River (Figure 17)
suggest that this has been the fate of at least some of the previously

released mercury from the Y-12 plant (3,9).

4.3 SUMMARY

Estimates of the quantity and distribution of mercury in the channel and
floodplain of East Fork Poplar Creek are based on 394 sediment samples
taken from 130 locations. The data indicate that approximately 16 million
cubic feet (760,000 tons) of contaminated sediment and 170,000 pounds of
mercury are contained in the channel and floodplain. About 75 percent of v'
the mercury (by weight) is located in the upper third of the stream above
EFPCM 9.45. An estimated 40 to 50 percent is between EFPCM 10.15 and
EFPCM 11.50. Approximately 80 percent of the mercury is contained in

25 percent of the contaminated sediment with a mercury concentration

exceeding 100 mg/kg.
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Analysis of data from three storms and historic streamflow records
indicates that approximately 17,400 tons (366,000 cubic feet) of sediment
and 500 pounds of mercury are exported annually from East Fork Poplar
Creek. An estimated 75 pounds of the annual mercury export come from New
Hope Pond. Thus, the net contribution of the watershed below New Hope
Pond is approximately 425 pounds per yesr. A comparison of the mercury
loads between sampling stations indicates that most of this net export is
contributed by the highly contaminated area between EFPCM 10.0 and

EFPCM 14.36 (i.e., no increase in mefcmry load was observed below

EFPCM 10.0).

Assuming a continuous net export rate of 425 pounds per year, some

400 years would be required to deplete the estimated 170,000 pounds of
mercury in the channel and floodplain of East Fork Poplar Creek. Not all
of the contaminated sediment is readily susceptible to erosion, however.
The relative stability of the floodplain is apparent from field
observations and computer simulations of floods with a 1, 2, 30, and

500 year recurrence interval. Simulated velocities for extreme floods are
sﬁfficient to cause some bank erosion and to allow channel transport, but
floodplain velocities are not sufficient to cause significant scour and

transport.

These results provide an estimate of mercury quantities, distribution, and

transport. The sampling program and data analyses were designed to
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provide estimates for initial decisions regarding possible remedial
actions. The data are not sufficient for evaluating site specific
alternatives in detail. 1In this context; it is obvious that the
floodplain of East Fork Poplar Creek contains substantial quantities of
mercury. Under natural conditions, this mercury will remain in the
floodplain for many years, serving as a continual source of mercury to
downstream waters. Improper disturbances of the floodplain could

substantially increase erosion and the downstream transport of mercury.

5.0 CONCLUSIONS AND RECOMMENDATIONS

The following observations and recommendations are based primarily on data
collected during the Instream Contaminant Study. Many of the recommended
actions have been initiated, based on previously released data

(e.g., reports for Tasks 1 through 4) and other Task Force activities.
Seﬁeral of the recommendations go beyond the data collected during this
study and reflect interim actions prior to a complete understanding of

long-term effects.

5.1 MERCURY CONTAMINATION

5.1.1 OBSERVATIONS
1. Mean total mercury concentrations in the flesh of largemouth
bass, redbreast sunfish, rock bass, and frogs from East Fork

Poplar Creek equaled or exceeded 1.0 ppm. Concentrations in
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individual fish, frogs, and crayfish equaled or exceeded
this level for a total of 11 species taken from East Fork
Poplar Creek, Poplar Creek, and the Clinch River (maximum
concentration of 3.3 ppm). The Food and Drug Administration
action level for mercury in fish is 1.0 ppm methyl |

x
mercury.

2. The floodplain and channel of East Fork Poplar Creek
contains an estimated 16 million cubic feet of contaminated
sediment exceeding a mercury concentration of 5.0 ppm.
Normal background levels are less than 0.5 ppm. An
estimated 170,000 pounds of mercury are contained in the
contaminated sediment, covering an area of approximately
450 acres. Approximately 75 percent of the mercury is in
the upper third of the stream (i.e., upstream of
EFPCM 9.45). The maximum observed concentration was

1800 ppm and the maximum depth of contamination was 3.5 feet.

3. An estimated 500 pounds of mercury per year is leaving the

East Fork Poplar Creek watershed with approximately

*A11 aquatic biota samples were analyzed for total mercury rather than
methyl mercury. The FDA action level of 1.0 mg/kg was changed from total
to methyl mercury on November 19, 1984, after these analyses were
completed. In making this change the FDA stated that "in most fish,
almost all the mercury present is in the form of the methyl

compound" (12).
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75 pounds per year being discharged directly from New Hope
Pond. Under natural conditions, the watershed will be a

continuing source of substantial quantities of mercury for
hundreds of years. Land disturbances within the floodplain

could increase this annual export rate.

Total mercury concentrations in water samples from East Fork
Poplar Creek exceeded both the Tennessee source standard
(0.2 ppb) and the EPA drinking water standard (2.0 ppb),
during both baseflow (2.5 ppb maximum value) and stormflow

(44 ppb maximum value) conditions.

Elevated concentrations of total mercury were also observed
in the sediments of Bear Creek, White Oak Creek, Poplar
Creek, the Clinch River, and the Tennessee River (maximum

values of 6 to 44 ppm).

5.1.2 RECOMMENDED ACTIONS

1.

Mercury concentrations in fish justify closing of East Fork
Poplar Creek to the taking of fish and the posting of

warning signs to alert the public of potential health risks.

Determine sources, monitor releases, and eliminate (or

reduce to permitted levels) mercury discharges from New Hope

Pond.
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Define chemical forms and transformation rates of mercury in
the floodplain and channel of East Fork Poplar Creek.
Determine the level and source of methyl mercury in fish and
other aguatic animals and define the relationship between

methyl mercury and total mercury.

Review~ana adopt interim action levels for total mercury

concentrations in surface soils and erosion prone areas.

Previous assessments have suggested interim action levels
for soil ranging from 12 to Soovppm. The Oak Ridge Task
Force should develop a comprehensive interim action plan

which identifies appropriate interim levels and

corresponding actions.

As part of the interim action plan, post areas exceeding the
interim action level(s), restrict access and use, and avoid
land disturbing activities that will increase erosion and

mercury transport.

Spatially map mercuryrconcentrations (horizontally and
vertically) in those areas suspected of exceeding the
interim action level({s), at sufficient detail for remedial
action evaluation and implementation. Include sampling and
analyses to define the co-occurrence of other elements and
compounds that may be affected by (or influence the

selection of) remedial actions (see Tables 5 and 7).
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Define the contaminated areas of the floodplain and channel
of East Fork Poplar Creek with the greatest potential for
erosion and disturbance, and implement interim measures for
stabilizing these areas. Aerial photography, additional
cross sectional profiles, sampling of extreme rainfall and
runoff events, and field surveys of 8o0il characteristics,
vegetation, and other ercsion factors should be considered

in defining and controlling the critical areas.

Establish an allowable mercury export rate for the East Fork

Poplar Creek watershed.

Initiete evaluation of remedial action alternatives for
dealing with mercury contaminated sediments along East Fork
Poplar Creek. Potential alternatives which should be
evaluated include natural restoration, in situ containment,
in situ treatment and/or fixation, stream channel
stsbilization and/or relocation, physical removal and
disposal, use restrictions, and a combination of these
measures. The evaluation should include an assesémént of
potential interactions among or effects to other eiements

and compounds contained in the mercury contaminated sediment.
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Initiate a monitoring program to determine the success of
remedial actions, including erosion of contaminated areas,
éediment transport, mercury export rates, changes in aquatic
populations, and methyl mercury concentrations in fish and

other aquatic animals.

5.2 PCB CONTAMINATION

1.

5.2.1 OBSERVATIONS

Mean total PCB concentrations in the flesh of carp from East
Fork Poplar Creek and catfish from White Oak Creek exceeded
the Food and Drug Administration action level of 2.0 ppm.

Individual fish from Poplar Creek and the Clinch River also

exceeded this level.

Mean total PCB concentrations in sediment from East Fork
Poplar Creek, Bear Creek, and Poplar Creek exceeded the

detection limit of 0.1 ppm. Maximum values were 6.0, 1.4,

and 2.8 ppm, respectively.

1.

5.2.2 RECOMMENDED ACTIONS

PCB concentrations in fish from East Fork Poplar Creek and
White Oak Creek warrant closing the streams to the taking of
fish and the posting of warning signs to alert the public of

potential health risks.
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Determine sources, monitor releases, and eliminate
discharges of PCBs to East Fork Poplar Creek, Bear Creek,

and White Oak Creek.

Collect sufficient fish and sediment samples to define the

extent and potential sources of PCB contamination.

After defining the extent and sources of PCB contamination,
initiate an evaluation of remedial action alternstives and a

monitoring program to determine post-mitigation success.

5.3 OTHER POTENTIAL CONTAMINANTS

5.3.1 OBSERVATIONS

1.

Thirty-nine of the 217 parameters sampled (i.e., elements,
compounds, or water quality characteristics) exceeded
background concentrations, established criteria or

standards, and/or analytical detection limits.

Eight of the 39 parameters were found at elevated levels in
more than one medium (i.e., water, sediment, and aquatic

biota).
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All streams sampled contained more than one of the
39 parameters at an elevated level (i.e., East Fork Poplar

Creek ~ 23 parameters; Bear Creek - 18 parameters; Poplar

Creek - 9 parameters; White Oak Creek - 19 parameters;

Clinch River -~ 15 parameters; and Tennessee River -

S parameters). The presence of many of these parameters
were significantly correlated (Tables 5 and 7). Little is
known, however, about the synergistic effect of these
contaminants or their varying response to alternative

remedial actions.

In addition to the 39 parameters at elevated concentrations,
99 other elements and compounds were identified with
uncertainty or observed at concentrations which could not be

analytically quantified.

5.3.2 RECOMMENDED ACTIONS

1.

Identify past and present sources of the 39 potential
contaminants, monitor current releases, and eliminate

discharges (or reduce to permitted levels).

Assess the significance of each of the 39 potential
contaminants to public health and the environment, including

potential synergistic effects of co-occurring elements and

comﬁounds (Tables S and 7).
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For those contaminants with a public health and/or
environmental significance, define the spatial distribution
of contaminated sediment and aquatic biota, determine
whether there are significant nonpoint source of continuing
releases, and if so, evaluate and implement remedial
actions. Include potential interactions among or effects to

other elements and compounds in evaluating remedial actions.

Assess the public health and environmental significance of
the contaminants that were identified with uncertainty or

identified but not quantified. For those of significance,
identify the sources, define the environmental spatial

distribution, and evaluate and implement remedial actions.

Conduct monitoring programs to determine the‘post—mitigation

success of any remedial actions implemented.

.4 ADDITIONAL NEEDS

1.

4.1 OBSERVATIONS

Limited groundwater data is available for the East Fork
Poplar Creek watershed. Proper evaluation of remedial
actions requires an assessment of groundwater quality and
the interactions between cohtaminated soils, groundwater,

and surface water.



2.' Limited information is available on the synergistic effect
of multiple contaminants. Reducing individual contaminants
to a specified level may not fully protect public health and

the environment.

3. Numerous radiological contaminants occur in the project area
at concentrations substantially above background levels.
Although extensive studies have been conducted, the oversall
situation is not summarized in a comprehensive and readily
understandable manner (i.e., quantities released, ambient
concentrations, potentiai risks, synergistic and long-term
effects, needed remedial actions, and the status of current

efforts).

4, Extensive data are being obtained for the project area by
many agencies for a variety of purposes. These data are
needed by many to aﬁdress various concerns. Although the
data are generally available, they are not accessible from a

single source in a convenient format.

5.4.2 RECOMMENDED ACTIONS

1. Initiate a comprehensive groundwater quantity and quality
assessment of East Fork Poplar Creek--to define current

conditions and potential problems.




Initiate a routine aquatic sampling program--to determine

the short-term and long-term toxicity of area waters to
aquatic biota, to detect chemical and biological changes in

time and space, and to document post-mitigation success.

Prepare a summary report identifying past and present
quantities of radionuclides released to the environment, the
resulting ambient concentrations, potential health risks and
environmental significance, the need for remedial actions
and cleanup, and the status of ongoing efforts to address

these needs.

Develop a comprehensive, readily accessible, data base for

the project area.
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APPENDIX I

SAMPLING LOCATIONS

INSTREAM CONTAMINANT STUDY - TASK 5
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Table I-1

RIVER ‘MILE.OF KEY FEATURES
"INSTREAM CONTAMINANT STUDY - TASK 5§

Stream ‘Mile Description

East Fork Poplar Creek 14.7 New Hope Pond effluent
14.1 Creek leaves DOE reservation
9.7 Confluence of Mill Branch
8.3 West End Sewage Treatment Plant effluent
4.8 Creek enters DOE reservation
3.3 USGS gaging station

1.5 Confluence of Bear Creek

Bear Creek 2.8 Weir

8.0 Adjacent to S-3 Pond

Poplar Creek , 5.4 Confluence of East Fork Poplar Creek
White Oak Creek 0.6 White Oak Lake outflow weir
Clinch River 88.8 Confluence of Powell River

79.8 Norris Dam

23.1  Melton Hill Dam

20.8 Confluence of White Oak Creek
12.0 Confluence of Poplar Creek

4.4 Confluence of Emory River

Tennessee.River " 602.3 Fort Loudoun Dam
567.8 Confluence of Clinch River
529.9 Watts Bar Dam
499.3 Confluence of Hiwassee River
471.0 Chickamauga Dam

424.7 Nickajack Dam

349.0 Guntersville Dam
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APPENDIX II

STATISTICAL SUMMARY OF WATER, SEDIMENT, AND AQUATIC BIOTA DATA
COLLECTED BY TVA DURING THE INSTREAM CONTAMINANT STUDY

'INSTREAM CONTAMINANT STUDY - TASK 5
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Table II-1

REMARK CODES FOR DATA SUMMARIES
INSTREAM CONTAMINANT STUDY - TASK 5

Remark Code Definition
A Value reported is the mean of two or more
determinations.
C Value calculated.
D Field duplicate.
K Actual value is known to be less than value given.
L Actual value is known to be greater than value given.
M Presence of material verified but not quantified.

In the case of temperature or oxygen reduction
potential, M indicates a negative value. In the
case of species, M indicates male sex.

N Presumptive evidence of presence of material.

R Sample possibly contaminated or result influenced
by other compounds in sample.

S Split sample.'

TOI Totals for all analyses.

TXT/TE Alpha numeric data, refer to individual data.
U Indicates material was analyzed for but not

detected. 1In the case of species, U indicates
undetermined sex.
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APPENDIX IIl

SUMMARY OF ADDITIONAL WATER, SEDIMENT, AND AQUATIC BIOTA DATA
AVATILABLE ON THE EPA-STORET SYSTEM

INSTREAM CONTAMINANT STUDY - TASK 5
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